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Abstract 
A recent development of the 3-D printers, has made them readily available to the public at low costs. In order to make 3-D 
printed parts to be more useful for engineering applications the mechanical properties of printed parts must be known. This paper 
quantifies the basic tensile strength and elastic modulus of printed components produced with application of FDM and SLA 
printers. Tests have been conducted using ABS, fiberglass reinforced polyethylene terephthalate glycol (Z-Glass) and a Nobel 
printer photoresistive resin. The collected data show some distinctions between tensile modulus of 3-D prints and its base 
materials, i.e. Z-ABS prints Young modulus have mean value of 1.12 GPa and the encyclopedic value is between 1.7 up to 
2.1 GPa. For other tested materials tensile modulus was appointed as 1.43 GPa for Z-Glass and 246 MPa for a Nobel printer 
photopolymer resin. 
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1. Introduction 
A recent development of the 3-D printers, has made them readily available to the public at low costs. Most of the 
low-cost printers fabricate objects primarily from acrylonitrile butadiene styrene (ABS) or polylactic acid (PLA). 
There are also low-cost printers that employ stereo-lithography technology (SLA), which uses a laser to polymerize 
photosensitive resin, producing higher-resolution printed objects of more complex geometry. In order to make 3-D 
printed parts to be more useful for engineering applications the mechanical properties of printed parts must be 
known [1, 2]. 
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Some of 3-D printer producers are publishing data about the materials they use in their printers, but in most cases 
the data-sheets are incomplete or sometimes they are not available. That causes a need of experimental verification 
of mechanical properties of the prints. On the other hand, 3-D prints made with the use of FDM technology are 
anisotropic. Not only because of possible anisotropy of a material used but also due to anisotropic way of part 
building in a printer (Fig. 1, 2). Printed part is produced by extruding small beads of molten material to form layers 
as the material hardens immediately after extrusion from the nozzle. Printer produces outline of a part at first, then 
inside is filled with filaments that are crossed with the others from previous or next layer. Outlines are always 
produced in this way, that makes the outline fibres much better fussed than the inside ones. 
 
Fig. 1. Front view of brake area of a Z-Glass 3-D print, clearly seen diferences between completely fused sidewall 
and crossed partially fused filaments of inside. 
 
Fig. 2. Side view of brake area of a Z-Glass 3-D print, clearly seen diferences between completely fused sidewall 
and crossed partially fused filaments of inside. 
2. Tensile test 
Specimens have been made up to standard EN ISO 527-3 type 5. Some slight modifications were made with the 
intention to print samples not cut or mold them. Experimental data have been obtained using MTS Bionix 270 test 
system. During the tests specimens have been loaded with a speed of 1 mm per minute accordingly to ISO 527-2. 
For every tested material at least 5 samples have been tested.Test has been made on following materials:  
• Z-ABS – Acrylonitrile butadiene styrene filament; made by Zortrax company. 
• Z-Ultrat – modified (larger amount of stabilizers added) Acrylonitrile Butadiene Styrene filament; made by 
Zortrax company 
• Z-Glass – PETG (Polyethylene Terepthalate Glycol) fiberglass reinforced; made by Zortrax company 
• Noble 1.0 printer Photopolymer Resin – SLA resin, made by XYZprinting  
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The Zortrax company provides material and safety data about their materials, some of them, like Z-ABS even 
with short description of performed tests [3–5]. 
The following figures show experimental data of tensile strengths experiments. Z-ABS and Z-Ultrat specimens 
(Fig. 3, 4) represent typical behaviour of tough materials with yield point. As it can be seen specimens break at 
different elongation. Authors believe that it can be caused by irregularities in prints and effect of notch wear on 
wavy surface of the printed samples.  
 
Fig. 3. Z-ABS load – elongation curves received from MTS Bionix 270 test system. 
 
Fig. 4. Z-Ultrat load – elongation curves received from MTS Bionix 270 test system. 
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Z-Glass samples behaved much more like tough materials without yield point. What can be interesting upright 
prints have almost twice bigger tensile strength than flat ones. That proves that delamination force of fused layers is 
greater than a force needed to break partially fused layers of inside. During experiments first cracks can be heard at 
load 180 – 200 Niutons. 
 
Fig. 5. Z-Glass (upright prints) load – elongation curves received from MTS Bionix 270 test system. 
 
Fig. 6. Z-Glass (upright prints) load – elongation curves received from MTS Bionix 270 test system. 
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Last Fig. 7 presents the graphs obtained for XYZprinting Noble 1.0 resin. As it can be seen it has much smaller 
Young’s modulus than previously tested materials. 
 
Fig. 7. Z-Glass (upright prints) load – elongation curves received from MTS Bionix 270 test system. 
The value of the tensile modulus has been calculated on the basis of experimental data. It is presented in Table 1. 
There are certain discrepancies in values, and what most surprising tensile modulus of Z-ABS presented in 
manufacturers data is much smaller than experimental one. Generally available sources [6] indicate that a value in 
the range of 1400 to 3100 MPa. 
   Table 1. Tensile modulus of a tested 3-D printers materials.   
Material 
Name, Company 
Mean value of tensile 
modulus (MPa) 
Experimental values of tensile modulus  Tensile modulus according 
to manufacturers data (MPa) minimum (MPa) maximum (MPa) 
Z-ABS white, Zortrax; 
Flat printed 
1125 1091 1142 565  
Z-Glass, Zortrax; 
Flat printed 
734 721 764 
no data available 
(Flexural Modulus 4.12 GPa) Z-Glass, Zortrax; 
Upright printed 
1436 1378 1477 
Z-Ultrat, Zortrax; 
Flat printed 
1348 1296 1413 1950  
Nobel 1.0 Photopolymer Resin 
XYZ Printing 
246 152 321 no data available 
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3. Conclusion 
The measurements showed a strong anisotropy of 3-D printed samples and the need to verify the data provided 
by the manufacturers. Obtained data prove that parts printed by low-cost 3-D printers can be considered 
mechanically functional in a wide scope of applications. Mechanical properties including tensile test are to be tested 
further for different parameters of prints especially print orientation and infill ratio that determines amount of 
material inside printed part. 
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